ABSTRACT
INTRODUCTION
Ventriculomegaly is a common sonographic feature diagnosed in fetal life that has been associated with a poor outcome 1 . The prevalence of ventriculomegaly varies between 0.3 and 1.5 per 1000 births, depending on the gestational age at examination, the technique of measurement and whether one or both ventricles is/are evaluated 2 . Fetal ventriculomegaly is defined as an atrial width > 10 mm 1, 3 , measured at the level of the glomus of the choroid plexus, perpendicular to the ventricular cavity and positioning the calipers inside the echoes generated by the lateral walls. The etiology of fetal ventriculomegaly is diverse, including normal variation, aneuploidy, genetic syndromes, primary brain abnormalities, congenital infections, cerebrovascular accidents and intracranial hemorrhage. However, even when fetal ventriculomegaly is isolated, there may be an associated risk of abnormal neurodevelopmental outcome [4] [5] [6] [7] .
Fetal ventriculomegaly can be symmetrical, affecting both lateral ventricles (bilateral), or unilateral; however the majority of studies reporting the perinatal and long-term outcomes in fetuses with an antenatal diagnosis of fetal ventriculomegaly have assessed the bilateral condition 6 . The aim of this study was to undertake a systematic review and meta-analysis to quantify the perinatal and long-term outcomes in fetuses diagnosed with isolated unilateral ventriculomegaly during the second-or third-trimester ultrasound examination.
METHODS

Protocol, eligibility criteria, information sources and search
This review was performed according to a protocol designed a priori and recommended for systematic reviews and meta-analyses [8] [9] [10] . MEDLINE, EMBASE and The Cochrane Library, including The Cochrane Database of Systematic Reviews (CDSR), Database of Abstracts of Reviews of Effects (DARE) and The Cochrane Central Register of Controlled Trials (CENTRAL), were searched electronically on 19 February 2015, utilizing combinations of the relevant MeSH terms, keywords and word variants for 'ventriculomegaly' and 'outcome' (Appendix S1). The search and selection criteria were restricted to the English language. Reference lists of relevant articles and reviews were hand-searched for additional reports. The MOOSE guidelines were followed 11 . The study was registered with the PROSPERO database (Registration number: CRD42015025602, http://www.crd.york.ac.uk/ PROSPERO).
Study selection, data collection and data items
Studies reporting data on the perinatal outcome of fetuses with isolated unilateral ventriculomegaly were included. Unilateral ventriculomegaly was defined as an atrial width > 10 mm, affecting only one side of the brain, detected during the second or third trimester of pregnancy. Ventriculomegaly was defined as 'apparently isolated' when it was not associated with additional brain or extracerebral ultrasound abnormalities at the time of the diagnosis, and as 'truly isolated' when it was not associated with prenatal or postnatal additional brain or extracerebral abnormalities, nor with chromosomal abnormality or congenital infection. Ventriculomegaly was further classified into mild/moderate when the atrial width was between 10 and 15 mm, and severe when it was ≥ 15 mm. The outcomes assessed in apparently isolated cases were the incidence of aneuploidy, congenital infection, associated brain and extracerebral abnormalities and progression of ventriculomegaly. Neurodevelopmental delay was assessed in both apparently isolated and truly isolated cases.
All abstracts were reviewed independently by two authors (C.S., A.F.). Agreement regarding potential relevance was reached by consensus, and full-text copies of those papers deemed to be relevant were obtained. The same two reviewers (C.S., A.F.) independently extracted relevant data regarding study characteristics and pregnancy outcomes. Inconsistencies were discussed by the reviewers and consensus reached. If more than one study had been published for the same cohort with identical endpoints, the report containing the most comprehensive information on the population and with the longest follow-up evaluation interval was included to avoid overlapping populations. For those articles in which the relevant information was not reported but the methodology was such that this information would have been recorded initially, the authors were contacted. Only full-text articles were considered eligible for inclusion, and case reports and conference abstracts were excluded.
Risk of bias, summary measures and synthesis of the results
Quality assessment of the included studies was performed using the Newcastle-Ottawa Scale (NOS). According to the NOS, each study is judged on three broad perspectives: selection of the study groups, comparability of the groups and ascertainment of the outcome of interest 12 . Assessment of the selection of a study includes evaluation of the representativeness of the exposed cohort, selection of the non-exposed cohort, ascertainment of exposure and demonstration that the outcome of interest was not present at the start of the study. Assessment of the comparability of a study includes evaluation of the comparability of cohorts based on the design or analysis. Finally, ascertainment of the outcome of interest includes evaluation of the type of assessment of the outcome of interest, and length and adequacy of follow-up 12 . According to NOS, a study can be awarded a maximum of one star for each numbered item within the selection and outcome categories. A maximum of two stars can be given for comparability.
We used meta-analyses of proportions to combine data 13, 14 . Funnel plots displaying the outcome rate from individual studies vs their precision (1/standard error) were carried out with an exploratory aim. Tests for funnel-plot asymmetry were not used when the total number of publications included for each outcome was less than 10. In such cases, the power of the tests would be too low to distinguish chance from real asymmetry 15 . Between-study heterogeneity was explored using the I 2 statistic, which represents the percentage of between-study variation that is due to heterogeneity rather than chance. A value of 0% indicates no observed heterogeneity, whereas I 2 values ≥ 50% indicate a substantial level of heterogeneity. A random-effects model was used for all the outcomes analyzed. Sensitivity analysis was attempted, where possible, according to whether the unilateral ventriculomegaly was mild/moderate or severe. All proportion meta-analyses were carried out using StatsDirect 2.7.9 (StatsDirect Ltd, Altrincham, UK). 
RESULTS
The database search yielded 2053 citations, of which 1851 were excluded by review of the title or abstract, as they did not meet the selection criteria. Full-text manuscripts were retrieved for the remaining 202 studies and a total of 11 were included in the review and meta-analysis ( Figure 1 ). Four studies reported data on cases of apparently isolated unilateral ventriculomegaly, while seven reported data on cases of truly isolated unilateral ventriculomegaly (Tables 1 and 2 ). Quality assessment according to NOS was conducted on all 11 studies included in the systematic review, and this showed moderate heterogeneity, in particular for the comparability tool (Table 3) . Most of the studies were small case series and some did not report on all the outcomes included in this systematic review.
Apparently isolated unilateral ventriculomegaly
The four included studies that reported on apparently isolated ventriculomegaly included 279 cases of ventriculomegaly; 142 (50.9%) were fetuses with unilateral ventriculomegaly and, of these, 108 (76.1%) were defined as apparently isolated during the second-or third-trimester ultrasound evaluation and were included in the analysis ( Figure 1 and Table 1 ). All these 108 fetuses with apparently isolated unilateral ventriculomegaly were assessed for aneuploidy, and no case had an abnormal karyotype. The pooled prevalence of congenital infection (n = 7) as a possible cause of ventriculomegaly was 8.2% (95% CI, 3.6-14.5%) ( Figure 2 ). We identified five cases with cytomegalovirus and two with parvovirus. The pooled prevalence of associated extracerebral abnormalities detected on ultrasound was 6.8% (95% CI, 2.8-12.3%) ( Figure 3 ). Additional fetal magnetic resonance imaging (MRI) was performed systematically in three (75%) of the four studies. Figure 4 shows the prevalence of associated brain abnormalities detected by prenatal MRI. These included two cases of cortical malformation and one of white-matter abnormality ( Table 4 ). The overall prevalence was 5.1% (95% CI, 0.2-16.1%). Postnatal follow-up with MRI was undertaken in two (50%) studies. Postnatal brain imaging provided additional information in one case in which a brain abnormality was detected by ultrasound (6.4% (95% CI, 0.3-19.4%); Figure 5 ). The overall prevalence of progression of ventriculomegaly during the pregnancy was 5.4% (95% CI, 2.1-33.6%) ( Figure 6 ).
Apparently isolated unilateral ventriculomegaly with atrial width < 15 mm
Of the 108 fetuses with apparently isolated ventriculomegaly, atrial width was < 15 mm in 101 (93.5%) cases. The prevalence of aneuploidy (0%), congenital infection (8.2%), progression of ventriculomegaly during pregnancy (5.4%), associated extracerebral abnormalities (6.8%) and lesions detected prenatally and postnatally on MRI (5.1% and 6.4%, respectively) was the same as for the overall apparently isolated population, as all cases of apparently isolated ventriculomegaly with data for these outcomes had an atrial width of < 15 mm (Figures 2-6 ).
Neurodevelopmental delay in apparently isolated and truly isolated unilateral ventriculomegaly
All 108 cases of apparently isolated unilateral ventriculomegaly underwent postnatal neurodevelopmental assessment. The median age at neurological assessment was 30.3 (range, 24.2-36.5) months. Of the 108 infants that had follow-up, seven (8.0% (95% CI, 2.4-16.5%)) were diagnosed with neurodevelopmental delay (Figure 7 ). The prevalence of mild (one case) and severe (three cases) neurodevelopmental delay was 2.1% (95% CI, 0.2-5.8%) and 4.1% (95% CI, 1.1-8.9%), respectively ( Figure 8 ), while in the remaining three cases the degree of neurodevelopmental delay was not reported. The incidence of neurodevelopmental delay in apparently isolated unilateral ventriculomegaly cases with an atrial width of < 15 mm was 5.9% (95% CI, 2.2-11.2%). Eight studies reported data on the neurodevelopmental outcome in cases of truly isolated unilateral ventriculomegaly: five were studies in the truly isolated group (n = 136) and three were studies in the apparently isolated group, from which data on truly isolated cases could be extracted (n = 77). Among the 213 fetuses with truly isolated unilateral ventriculomegaly, 198 (93.0%) had postnatal neurodevelopmental assessment. The median age at neurological assessment was 38.0 (range, 27.0-49.8) months. Of these 198 cases with neurodevelopmental assessment, 12 had neurodevelopmental delay and in all cases the width of the posterior ventricle was < 15 mm (7.0% (95% CI, 3.2-12.2%); Figure 9 ).
DISCUSSION
Summary of main findings
The results of this systematic review show that, in fetuses with apparently isolated unilateral ventriculomegaly, the 26 
Retrospective
Only first author is given for each study. prevalence of chromosomal abnormality is 0%, of congenital infection it is 8%, and that, in about 5% of fetuses, there is progression of ventriculomegaly during the course of the pregnancy. Fetal MRI diagnosed additional brain abnormalities prenatally in 5% and postnatally in 6% of cases. The prevalence of neurodevelopmental delay in cases of apparently isolated unilateral ventriculomegaly categorized as mild/moderate was 6%. When we analyzed the neurodevelopmental outcome in fetuses with truly isolated unilateral ventriculomegaly, the incidence of neurodevelopmental delay was about 7% and in all these cases the posterior ventricle width was Only first author of each study is given. < 15 mm. The quality of the studies was generally adequate, and the heterogeneity was not significant for the majority of the outcomes that were analyzed.
Interpretation of findings
The findings of this meta-analysis highlight the possibility of the presence of additional brain abnormalities being detected on fetal MRI, pre-or postnatally, in cases with apparently isolated unilateral ventriculomegaly detected on prenatal ultrasound. Therefore, fetal brain MRI should remain an important diagnostic tool in such cases. The same applies to screening for congenital infections and follow-up scans to look for progression of the ventriculomegaly. Although the prevalence was low, another important finding was that fetuses with truly isolated unilateral ventriculomegaly suffered from neurodevelopmental impairment postnatally. It has been argued that the incidence of neurodevelopmental impairment might be similar to that reported in the general population.
The majority of published studies do not differentiate between unilateral and bilateral ventriculomegaly 27, 28 . The incidence of neurodevelopmental delay in mild/moderate (atrial width < 15 mm) bilateral ventriculomegaly varies between 8% and 12% 6, 7, 29 . Our results suggest that the observed incidence of neurodevelopmental delay in apparently isolated and truly isolated ventriculomegaly with atrial width < 15 mm was 6% and 7%, respectively.
In cases of mild/moderate apparently isolated unilateral ventriculomegaly, the prevalence of congenital infection is similar to that in fetuses with bilateral ventriculomegaly 30 . However, the observed prevalence of chromosomal abnormality (0%), risk of ventriculomegaly progression (5%) and associated brain abnormalities detected on fetal brain MRI (5%) seem to be lower than those for fetuses with bilateral ventriculomegaly 6, 7, 29 (Table S1 ).
Strengths and weaknesses of the study
The main strengths of this review are the comprehensive search strategy and the inclusion of a number of key outcomes identified in only isolated unilateral ventriculomegaly cases. The paucity of data on the perinatal and long-term outcomes in fetuses with an antenatal diagnosis of unilateral ventriculomegaly limits the evidence to guide prenatal management. Therefore, the findings of this meta-analysis could be valuable in parental counseling. The main limitations of this review lie in the constituent studies. Publication bias reflects the small number of cases of fetuses with isolated unilateral ventriculomegaly extracted from the current literature. Study heterogeneity, reported for only a few outcomes, is due mainly to the different accuracies of prenatal and postnatal imaging, the gestational age at the time of diagnosis, the different tests undertaken to assess the neurodevelopmental outcome and the different periods of postnatal follow-up. Although a few studies have demonstrated the importance and complementary function of MRI as part of the assessment of ventriculomegaly, in particular in fetuses with moderate to severe ventriculomegaly, it is important to realize that the diagnostic interpretation of both ultrasound and MRI images is difficult to standardize and is influenced by the examiner's and center's experience 7, 30, 31 . Our study demonstrates the importance of performing MRI in fetuses with ventriculomegaly, as it offers important additional information in about 5% of cases. Another bias is the method and period of follow-up used in assessing neurodevelopmental outcome. Although the majority of the methods were standardized screening tools, they vary in their sensitivity and specificity. Moreover, the age at neurological assessment ranged between 30 and 38 months in the two groups, and it can be argued that some neurodevelopmental delay may not be apparent until later in life. However, extending the length of follow-up would increase the number of confounding variables, such as environmental factors, making it difficult to ascertain the real cause of the neurodevelopmental delay 6 .
Conclusions
The prevalence of aneuploidy, congenital infection and progression of ventriculomegaly in fetuses with a prenatal diagnosis of apparently isolated unilateral ventriculomegaly is low. The incidence of neurodevelopmental delay in cases of both apparently and truly isolated unilateral ventriculomegaly with an atrial width of < 15 mm is likely to be similar to that reported in cases of isolated bilateral ventriculomegaly and close to that reported in the general population. Large multicenter prospective studies are needed in order to ascertain the risk of neurodevelopmental delay in fetuses with unilateral ventriculomegaly and the possible risk factors that might influence their postnatal prognosis.
Resultados perinatales y a largo plazo en fetos diagnosticados con ventriculomegalia aislada unilateral: revisión sistemática y metaanálisis
RESUMEN
Objetivos La mayoría de los estudios sobre ventriculomegalia fetal se han dedicado a los resultados perinatales y a largo plazo en los fetos con un diagnóstico prenatal de ventriculomegalia bilateral. El objetivo de este estudio fue realizar una revisión sistemática y un metaanálisis para cuantificar los resultados perinatales y a largo plazo en los fetos diagnosticados en el segundo o tercer trimestre del embarazo con ventriculomegalia aislada unilateral.
Métodos Se realizaron búsquedas electrónicas en MEDLINE, EMBASE y la Cochrane Library. Los resultados investigados incluyeron la incidencia de aneuploidía, la infección congénita, la evolución de la ventriculomegalia, y las anomalías asociadas tanto del cerebro como extracerebrales en los casos aparentemente aislados, y el retraso del desarrollo neurológico en casos aparentemente aislados y verdaderamente aislados. Se realizó un análisis de sensibilidad en función de si la ventriculomegalia era leve o moderada (diámetro del atrio < 15 mm) o grave (diámetro del atrio >15 mm). Para encontrar informes adicionales, se realizó una búsqueda manual de los listados de referencias de cada artículo. Se incluyeron estudios de cohortes y estudios de casos y controles. Se usó un metaanálisis de proporciones, y la heterogeneidad entre estudios se evaluó mediante el test estadístico I 2 .
Resultados La búsqueda produjo 2053 citas. Se recuperó el texto completo de 202 artículos, y se incluyeron 11 estudios en la revisión sistemática. En los fetos con ventriculomegalia aislada unilateral aparente, no se identificaron anomalías cromosómicas y la prevalencia combinada de infección congénita fue del 8,2% (IC 95%, 3,6-14,5%). La prevalencia combinada de anomalías cerebrales adicionales detectadas mediante resonancia magnética tanto antes como después del parto fue, respectivamente, del 5,1% (IC 95%, 0,2-16,1%) y el 6,4% (IC del 95%, 0,3-19,4%). La prevalencia combinada de anomalías del desarrollo neurológico fue del 5,9% (IC 95%, 2,2-11,2%) en casos aparentemente aislados con un diámetro del atrio <15 mm, y fue del 7,0% (IC 95%, 3,2-12,2%) en fetos con ventriculomegalia unilateral verdaderamente aislada. La mayoría de los casos con ventriculomegalia aparentemente aislada se clasificaron como leves o moderados (93,5%) y por tanto los resultados de este grupo fueron similares a los de toda la cohorte de ventriculomegalia aparentemente aislada.
Conclusiones Es probable que la prevalencia de aneuploidía, de infección congénita y del retraso del desarrollo neurológico en los fetos con diagnóstico prenatal de ventriculomegalia aislada unilateral sea baja. 
